J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 644 712 A1 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 94202630.3 
(§) Date of filing: 13.09.94 



<£) int. Cl. 6 : H05G 1/60, H04N 5/32 



© Priority: 20.09.93 EP 93202719 




Applicant: PHILIPS ELECTRONICS N.V. 


© Date of publication of application: 




Groenewoudseweg 1 




NL-5621 BA Eindhoven (NL) 


22.03.95 Bulletin 95/12 




® Designated Contracting States: 


© 


Inventor: Dillen, Bartholomeus Goverdina 




Maria Henricus 


DE FR GB IT NL 




c/o IntOctrooibureau B.V., 






Prof.Holstlaan 6 






NL-5656 AA Eindhoven (NL) 




© 


Representative: Schouten, Marcus Maria 






INTERNATIONAAL OCTROOIBUREAU B.V., 






Prof. Holstlaan 6 






NL-5656 AA Eindhoven (NL) 



© X-ray examination apparatus. 
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© In an image detection system having a CCD 
sensor, particularly for an x-ray examination appara- 
tus, image read-out is substantially accelerated. This 
is achieved by discarding portions of the electronic 
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image that is stored in the image storage-part of the 
CCD. Thus, only, portions of the image that contain 
relevant image information are converted into an 
electronic video signal. 
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The invention relates to an x-ray examination 
apparatus for forming an x-ray image by irradiating 
an object, said apparatus comprising an x-ray im- 
age intensifier for converting said x-ray image into 
a visible image and an image detection system 
which incorporates a light-sensitive device to con- 
vert said visible image into an electronic image, a 
read-out circuit for reading out said electronic im- 
age by transforming said electronic image into an 
electronic video signal, and a control-circuit for the 
read-out-circuit. The invention also relates to such 
an image detection system. 

An x-ray examination apparatus of said kind 
has been described in the United States Patent US 
4 881 124. 

There are several operating modes for per- 
forming x-ray radiology. In particular, a patient to 
be examined is exposed to a low dose of x-rays 
continuously or in a series of pulses during fluoro- 
scopy, whereas pulses of a higher dose of x-rays 
are applied during exposure. An x-ray image inten- 
sifier is provided to convert an x-ray image into a 
visible image which is subsequently detected by a 
light-sensitive device incorporating a light-sensitive 
element. Such a light-sensitive element is substan- 
tially sensitive to light having a wavelength in a 
range covering the wavelengths between ultra-vio- 
let radiation and infrared radiation. In the x-ray 
examination apparatus of the cited reference, the 
light-sensitive element is a photoconductor-type 
image pick-up tube. When a sequence of x-ray 
images is made, time-resolution of such a se- 
quence is determined by the image frequency, 
which itself is determined by the read-out rate of 
the light-sensitive device. The control circuit is ar- 
ranged to adjust vertical and horizontal deflection 
frequencies of the scanning electron-beam of the 
pick-up tube. The control circuit is further arranged 
to adjust the scanning electron-beam current. The 
x-ray examination apparatus of the cited reference 
comprises an operating mode selection means. 
The control circuit adjusts the image pick-up tube 
in accordance with the selected operating mode, so 
as to provide proper image frequency and image 
quality. The control circuit of the known x-ray ex- 
amination apparatus is not suitable for use together 
with a solid-state image sensor, notably a charge- 
coupled device, because such solid-state image 
sensors do not employ a scanning electron-beam 
to read out an image. Moreover, said adjustments 
relate to the entire area of the light-sensitive face of 
the photoconductive element of the image pick-up 
tube. Consequently, a control-circuit of the known 
apparatus is not capable of making adjustments 
which relate to specially selected parts of images. 

It is, inter alia, an object of the invention to 
provide an x-ray examination apparatus incorporat- 
ing an image detection system with a solid-state 
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image sensor, comprising a control-circuit arranged 
to increase the read-out rate of an electronic image 
which is formed in the image detection system. 
To achieve this object, an x-ray examination 

5 apparatus in accordance with the invention is char- 
acterized in that the control-circuit is arranged to 
select a region of interest of the electronic image 
for forming said electronic video signal from said 
selected region of interest, so as to reduce the 

70 time required for forming said electronic video sig- 
nal. 

When an x-ray examination is performed, an 
object is irradiated by an x-ray beam and an x-ray 
image is formed on an entrance screen of the x-ray 

75 image intensifier which converts the x-ray image 
into a visible image. The visible radiation carrying 
the visible image is detected by the image detec- 
tion system and converted into an electronic video 
signal. Such a light-sensitive element is substan- 

20 tially sensitive to light having a wavelength in a 
range covering the wavelengths between ultra-vio- 
let radiation and infrared radiation. The visible im- 
age is detected by a solid-state image sensor, 
notably a charge coupled device (CCD) which con- 

25 verts brightness-values of the visible image into 
charges so as to form an electronic image. These 
charges constitute pixel-values of the electronic 
image and the pixel-values correspond to bright- 
ness-values in the visible image. The charges are 

30 formed by a multitude of light-sensitive elements 
having the form of semiconductor photodiodes 
which are integrated as an integrated circuit con- 
stituting an image-recording part of the charge 
coupled device. Subsequently, the charges which 

35 form the electronic image are transferred to an 
image-storage part of the charge-coupled device. 
The time required to convert an x-ray image into 
an electronic video-signal is substantially deter- 
mined by the time-consuming step of converting 

40 the electronic image that is formed in the solid- 
state image sensor, notably a charge-coupled de- 
vice (CCD), into an electronic video signal. As in an 
x-ray examination apparatus in accordance with the 
invention only a relevant region of interest from an 

45 electronic image in the image-storage part of the 
CCD sensor is used and irrelevant parts which may 
not even contain any image information at all are 
discarded. In this way only a part of the charges of 
the electronic image are converted into the elec- 

so tronic video-signal and consequently the time re- 
quired to convert the x-ray image into the elec- 
tronic video signal is substantially reduced. 

A preferred embodiment of an x-ray examina- 
tion apparatus in accordance with the invention is 

55 characterized in that the control-circuit is arranged 
to apply a discard signal to the read-out circuit to 
discard portions of said electronic image outside 
said region of interest. 
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The control circuit is also provided to control a 
row driver circuit to read out the CCD sensor. 
When reading out a full frame of an electronic 
image stored in the storage part of the CCD sen- 
sor, respective gate voltages are applied by the 
row-driver circuit to the CCD sensor so as to shift 
charge packets which constitute the electronic im- 
age, e.g. in a line-by-line fashion to the read-out 
circuit of the CCD sensor. In accordance with the 
invention the control-circuit is further arranged to 
supply a discard-signal to the read-out circuit 
and/or to the row-driver circuit, so as to discard 
portions outside the region of interest. Notably, this 
is performed by discarding charges in the elec- 
tronic image and outside the region of interest. 
Correspondingly, only charge-packets that consti- 
tute a relevant part of the electronic image are 
shifted to the read-out-circuit and subsequently 
converted into the electronic video signal, so that 
only a part of the charges stored in the storage 
part of the CCD sensor is employed for the forma- 
tion of the electronic video signal. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the control-circuit is 
arranged to apply a discard signal to the read-out 
circuit to discard a first group of lines of said 
electronic image which first group precedes said 
region of interest when reading out said electronic 
image. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the control-circuit is 
arranged to apply a discard signal to the read-out 
circuit to discard outer sections of a third group of 
lines of said electronic image, said third group 
having inner sections inside said region of interest 
and said outer sections outside said region of inter- 
est. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the control circuit is 
arranged to apply a discard signal to the read-out 
circuit to discard a second group of lines of said 
electronic image which second group succeeds 
said region of interest when reading out said elec- 
tronic image. 

The part of the electronic image outside the 
selected region of interest is divided into three 
portions. Viz., two respective groups of lines, both 
of them which are disjoined from the region of 
interest. One of these groups is located between 
the region of interest and the read-out circuit, the 
other group of lines is located at the side of the 
region of interest facing away from the read-out 
circuit. A third group of lines has pixels inside the 
region of interest and pixels outside the region of 
interest. The pixels of a line of the third group 
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outside the region of interest may form a topologi- 
cal^ non-connected collection, forming plurality of 
outside sections of said line. Discarding portions 
outside the region of interest is performed by dis- 
5 carding lines of the first and second groups al- 
together and by discarding the outer sections of 
the third group of lines. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
w vention is characterized in that the control circuit is 
arranged to apply a charge-reset signal to the row- 
driver circuit to clear the light-sensitive element 
after reading out said region of interest of said 
electronic image. 
75 After charges of the region of interest have 

been read-out from the storage part of the CCD 
sensor, the remaining charges do not contain rel- 
evant image information and the processing time is 
reduced because no further time-consuming ac- 
20 tions are carried out, but instead a charge-reset 
signal is applied to the row-driver circuit to erase 
the storage-part of the CCD sensor. After that, the 
CCD sensor is prepared to shift the next electronic 
image which has meanwhile been detected in the 
25 image-detection part, to the image-storage part. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the read-out circuit 
is arranged to receive charges which are part of 
30 said electronic image, and in that said discard 
signal is applied to the read-out circuit to adjust the 
read-out circuit so as to add up charges of portions 
outside said region of interest. 

A preferred way of discarding charges of por- 
35 tions of the electronic image outside the region of 
interest is to add up in the read-out circuit the 
charges that are to be discarded. To that end, the 
discard signal is applied to the read-out circuit so 
as to arrange the read-out circuit in such a way that 
40 this circuit adds up charges of portions outside the 
region of interest, in order to form respective single 
voltage pulses for each of the first and second 
groups of lines and of the outer sections of the 
third group of lines. The formation of such single 
45 voltage pulses takes much less time than the for- 
mation of an electronic video signal from the col- 
lection of charges of portions outside the region of 
interest. When the output of the read-out circuit is 
applied to further image processing means, the 
50 voltage pulses pertaining to charges of portions 
outside the region of interest are discriminated 
from the electronic video signal of the region of 
interest by means of a filter operation. 

A further preferred embodiment of an x-ray 
55 examination apparatus in accordance with the in- 
vention is characterized in that the read-out circuit 
is arranged to receive charges which are part of 
said electronic image, and in that the read-out 
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circuit comprises a drain-circuit connected to a 
switching device and in that said discard signal is 
applied to close the switching device so as to carry 
off charges of portions outside said region of inter- 
est to the drain-circuit. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the switching device 
comprises a transistor having a gate arranged to 
receive said discard signal. 

Another preferred way of discarding charges of 
portions of the electronic image outside the region 
of interest is to remove said charges in that they 
are carried off to a drain circuit. The drain circuit is 
provided with the read-out circuit and is connected 
to the read-out circuit by a switch that is controlled 
by the discard signal. Preferably, the switch has 
the form of a transistor whose drain terminal is 
connected with the drain circuit and whose source 
terminal is connected to the read-out circuit. The 
discard signal is applied to the gate terminal of the 
transistor. When the gate is activated by the dis- 
card signal, the transistor is rendered conductive, 
i.e. the switch is closed and charges are rapidly 
carried off from the read-out circuit to the drain 
circuit, so that these charges are not used for the 
formation of the electronic video signal. 

A further preferred embodiment of an x-ray 
examination apparatus in accordance with the in- 
vention is characterized in that the read-out circuit 
is arranged to receive charges of successive lines 
of the electronic image, in that the control circuit is 
arranged to supply a shift signal to the read-out 
circuit to shift charges to its output terminal, and in 
that the control circuit is also arranged to supply a 
discard signal to add charges of a current line to 
the read-out circuit, subsequent to the shift of 
charges of an inner section of a preceding line, so 
as to keep charges of said inner section of a 
preceding line apart from charges of an inner sec- 
tion of said current line. 

A further increase in read-out rate is achieved 
by starting the transfer of the next line of the 
electronic image to the read-out circuit, immedi- 
ately after charges of an inner-section of the pre- 
vious line has been transferred from the read-out 
circuit to an amplifier. Consequently, a line of said 
third group is not transferred completely to the 
amplifier before reading-out of a next line of said 
third group which is started as soon as the part of 
the read-out circuit that is involved in receiving 
charges of the region of interest is available. 
Charges of an inner section of a line of the region 
of interest are transferred to the amplifier, whereas 
charges of an outer section of that same line re- 
main in the read-out circuit. Subsequently, charges 
of the next line is transferred to the read-out circuit 
and charges of this next line are added to charges 
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still present in the read-out circuit, so that they are 
added to charges of an outer section of a line read 
out previously. Adding charges is thus started be- 
fore an entire line of said third group is read out, so 

5 that charges of outer sections are not separately 
transferred to the amplifier. This embodiment is 
particularly advantageous in situations where the 
outside of the region of interest does not contain 
any image information at all, so that pixels outside 

io the region of interest have a value which is very 
close to zero. Consequently, the addition of 
charges of the outer-sections does not give rise to 
image artifacts. 

An image detection system incorporating a 

75 light-sensitive device for converting a visible light- 
image into an electronic image, a read-out circuit 
for reading out said electronic image by transform- 
ing said electronic image into an electronic video- 
signal, and a control-circuit for adjusting a read-out 

20 rate of the read-out circuit, said control circuit is 
preferably arranged to select a region of interest of 
the electronic image for forming said electronic 
video signal from said selected region of interest 
so as to reduce the time required for forming said 

25 electronic video signal. 

These and other aspects of the invention will 
become apparent from and will be elucidated with 
reference to the embodiments described 
hereinafter and with reference to the accompanying 

30 drawings, in which 

Figure 1 shows a schematic diagram of an x-ray 
examination apparatus incorporating an image 
detection system according to the invention; 
Figure 2 is a front elevation of an image sensor 

35 of an image detection system in accordance 
with the invention. 
Figure 1 shows a schematic diagram of an x- 
ray examination apparatus incorporating an image 
detection system according to the invention. An x- 

40 ray source 1 generates an x-ray beam 2 to irradiate 
an object 3. Due to absorption modulation in the 
object an x-ray image is formed on an entrance 
screen 4 of an x-ray image intensifier 5 which 
converts the x-ray image into a visible image on 

45 the exit window 6. The visible image is converted 
into an electronic video signal by a camera 7. To 
that end, the visible image is imaged on a light- 
sensitive face of a solid-state image sensor, nota- 
bly a CCD sensor 8 by means of an optical ar- 

50 rangement 9. The CCD sensor incorporates a ma- 
trix of light-sensitive elements arranged in rows and 
columns. The CCD sensor is controlled by a con- 
trol-circuit 10 and the electronic video signal is 
applied to a monitor 1 1 . The camera 7 with the 

55 control-circuit 10 constitute an image detection 
system 12 for detecting images which are formed 
on the exit window 6 of the x-ray image intensifier. 



4 




7 EP 0 644 

Figure 2 shows a frontal view of an image 
sensor 8, notably a CCD sensor of an image detec- 
tion system 12 in accordance with the invention. 
The face 20 of the CCD sensor is divided into two 
parts, viz. an image recording-part 21 and an im- 5 
age-storage-part 22. The image-recording-part 21 
is exposable to light emanating from the exit win- 
dow 6 of the x-ray image intensifier 5 and the 
storage-part 22 is shielded from light. Incident light 
is converted into electrical charges by photocon- io 
ductive elements of the image recording-part 21; 
the quantities of these charges that form an elec- 
tronic image correspond to image brightness at 
pixels of the visible image. After an image has 
been recorded, the entire frame of electrical 15 
charges is transferred to the storage-part 22 by 
way of a transfer-circuit 40, so that the electronic 
image is stored in the storage-part 22 and the 
image recording-part is ready to record a following 
image of a sequence. The storage-part 22 is con- 20 
nected to a row-driver-circuit 23 and to a read-out- 
register 24, which is incorporated in a read-out- 
circuit 29. The operation of the row-driver circuit 
23, of the read-out circuit 29 and of the transfer- 
circuit 40 is controlled by the control-circuit 10. 25 
Successive lines of charges of the electronic image 
in the storage part 22 are transferred to the read- 
out-register 24 by way of the row-driver-circuit 23. 
The video signal, which is formed in the read-out- 
register 24, is amplified by an amplifier 25, so that 30 
an amplified electronic video signal is formed 
which is applied to the monitor 11. Reading out the 
charges and amplifying the ensuing video signals 
form a relatively time-consuming process. Since 
the bandwidth of the amplifier is limited to typically 35 
120MHz, the rate is limited at which the amplified 
video signal can be formed from the charges that 
are transferred from the storage part to the read- 
out circuit, without introducing perturbations. Be- 
cause of the limitation of the rate at which image 40 
lines are read from the storage part the image 
frequency, i.e. the rate at which successive image 
ares converted into electronic video signals, is also 
limited typically to a value of 30 images per sec- 
ond for images having the size of a full frame. 45 

In an image detection system according to the 
invention, the image frequency is increased as 
compared to a conventional image detection de- 
vice. To that end, a region of interest is selected, 
which is indicated by a contour 30 in Figure 2. The 50 
read-out rate is increased in that only charges 
which relate to said region of interest are applied to 
the amplifier 25. The region of interest is selected 
e.g. manually by means of an interface 13, in the 
relevant embodiment having the form of a joy-stick 55 
or a mouse and a selection signal is supplied by 
the control-circuit 10 for controlling the row-driver- 
circuit 23 and the read-out-circuit 29. When the 
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electronic image comprising the region of interest 
indicated by the contour 30 is transferred to the 
storage part the stored electronic image has a 
corresponding region of interest which is indicated 
by the dashed contour 31. The stored electronic 
image further comprises a group 32 of lines out- 
side the region of interest indicated by the dashed 
contour 31 and preceding the region of interest 
when transferring the lines to the read-out circuit 
29. Another group 33 of lines of the stored elec- 
tronic image also lie outside the region of interest 
and succeed the region of interest when transfer- 
ring the lines to the read-out-circuit 29. Finally, the 
portion of the stored electronic image comprises 
lines which have outer-sections 34 and 35 outside 
the region of interest and inner-sections 36 inside 
the region of interest. The control-circuit 10 is 
arranged to apply a line-discard signal to the read- 
out-circuit 29 when lines of the group 32 are trans- 
ferred by the row-driver-circuit 23 to the read-out- 
register 24. When said line-discard signal is ap- 
plied to the read-out-circuit 29 the charges are not 
taken to the amplifier 25, but are carried off to a 
drain-circuit 26. The carrying off of such irrelevant 
charges is performed in the present embodiment 
by a switch having the form of a transistor 27. The 
transistor may be formed with a source, gate and 
drain terminal having substantially the same length 
as the length of the read-out register 24. 

In another embodiment the transistor may be 
provided with multiple source and gate terminals 
where each column of the CCD sensor and the 
discard signal is such that various gate terminals 
can be activated so as to drain charges form var- 
ious rows and columns of the matrix. The switch is 
closed for carrying off charges to the drain-circuit 
by means of a gate-signal which is applied to the 
gate 28 of the transistor 27. When the group of 
lines 32 is discarded, the region of interest is 
meanwhile shifted to the edge of the storage-part 
adjoining the read-out-circuit 29. Then the control- 
circuit supplies a section-discard signal to the read- 
out-circuit 29 to carry off charges of the outer- 
sections 34 and 35. 

Furthermore, the control-circuit supplies a 
read-out signal to the read-out-register 24 to take 
the charges of the inner-sections 36 to the amplifier 
25 for forming an amplified video signal which 
contains the image information of the region of 
interest. After the region of interest has been read- 
out, only charges of the group of lines 33 remain in 
the storage-part. These charges do not contain 
image information which should be transferred to 
the amplifier 25. The control-circuit then applies a 
charge-reset signal to the row-driver-circuit to clear 
the storage-part, so that after clearing the storage 
part the CCD sensor is ready for transferring the 
next image to the storage part and for recording 
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that next image in the recording- part. 

In another mode of operation of the image 
detection system according to the invention, the 
time required to form an electronic video signal is 
further reduced. When an image is made that con- 
tains substantially only image information within the 
region of interest 31, then charges outside the 
region of interest 31 in the corresponding elec- 
tronic image have values which are substantially 
equal to zero. A shift-signal is applied to the read- 
out register 24 to shift charges of an inner-section 
36 to the amplifier 25, to convert said charges into 
voltage signals forming the amplified video signal. 
After charge-packets of an inner-section 36 in the 
region 31 have been supplied from the read-out- 
register 24 to the amplifier 25, so that storage 
space in the read-out circuit is made available, 
charges that form pixel-values of the outer-section 
35 of the same line are left in the read-out-register 
24. Subsequently, the next line is read-out from the 
image-storage part to the read-out register and the 
charges of this next line are added to the charges 
still present in the read-out register. When an in- 
ner-section 36 of this next line of the region 31 is 
processed, non-zero pixel-values of that inner-sec- 
tion are added to pixel-values that are close to zero 
of the preceding outer-section. Thus, the process- 
ing speed in increased, because less signal am- 
plitudes need to be applied to the amplifier with a 
finite bandwidth. Image artifacts are not introduced 
in this way because only pixel-values being very 
close to zero of an outer section of a previous line 
are added to pixel-values of an inner-section of a 
currently processed line. 

An image detection system according to the 
invention increases the read-out rate of the elec- 
tronic image by supplying substantially only 
charges pertaining to a selected region of interest 
to form an electronic video signal. The increased 
read-out rate can be employed to display a portion 
of a full frame at a higher image frequency while 
displaying the surrounding of the region of interest 
at a lower image frequency on the monitor 11. The 
surroundings of the region of interest are displayed 
at a lower image frequency by interspersing rapid- 
read-out in accordance with the invention with 
slower read-out of the electronic image in a con- 
ventional way where all charges of the full-frame 
are applied to the amplifier 25. In medical examina- 
tions movements in a part of the anatomy e.g. part 
of a patient's heart can be studied with a higher 
temporal resolution. Alternatively, the electronic 
video signals of a region of interest at a high image 
frequency can be further processed in order to be 
displayed on the full size of the monitor 11. Fur- 
thermore an image detection system according to 
the invention can also be employed in an x-ray 
examination apparatus as an auxiliary light-detec- 



tion system to perform brightness-control. Such an 
auxiliary light-detection system, is known per se 
from the European Patent Application EP 0 217 
456. The auxiliary light-detection system in accor- 

5 dance with the invention comprises said CCD sen- 
sor which is coupled to said control-circuit ar- 
ranged to select a region of interest of said elec- 
tronic image. In this embodiment the region of 
interest is of relevance for performing brightness- 

w control. The electronic video signal from said re- 
gion of interest is subsequently converted into a 
control-signal which is supplied to the x-ray exami- 
nation apparatus for brightness-control e.g. in the 
form of adjustment of the x-ray source. Because of 

75 the time required to form said electronic video 
signal, the time required to carry out brightness 
control is reduced and consequently brightness 
control can be adequately performed at a compara- 
tively high image frequency. 

20 

Claims 

1. An x-ray examination apparatus for forming an 
x-ray image by irradiating an object, said ap- 

25 paratus comprising an x-ray image intensifier 

for converting said x-ray image into a visible 
image and an image detection-system which 
incorporates a light-sensitive device to convert 
said visible image into an electronic image, a 

30 read-out circuit for reading out said electronic 

image by transforming said electronic image 
into an electronic video-signal, and a control- 
circuit for the read-out-circuit, characterized in 
that the control circuit is arranged to select a 

35 region of interest of the electronic image for 

forming said electronic video signal from said 
selected region of interest, so as to reduce the 
time required for forming said electronic video 
signal. 

40 

2. An x-ray examination apparatus as claimed in 
Claim 1, characterized in that the control-circuit 
is arranged to apply a discard signal to the 
read-out circuit to discard portions of said elec- 

45 tronic image outside said region of interest. 

3. An x-ray examination apparatus as claimed in 
Claim 2, characterized in that the control-circuit 
is arranged to apply a discard signal to the 

50 read-out circuit to discard a first group of lines 

of said electronic image which first group pre- 
cedes said region of interest when reading out 
said electronic image. 

55 4. An x-ray examination apparatus as claimed in 
Claim 2 or Claim 3, characterized in that the 
control-circuit is arranged to apply a discard 
signal to the read-out circuit to discard outer 
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25 



sections of a third group of lines of said elec- 
tronic image, said third group having inner 
sections inside said region of interest and said 
outer sections outside said region of interest. 

5 

5. An x-ray examination apparatus as claimed in 11. 
any one of Claims 2 to 4, characterized in that 

the control circuit is arranged to apply a dis- 
card signal to the read-out circuit to discard a 
second group of lines of said electronic image 
which second group succeeds said region of 
interest when reading out said electronic im- 
age. 

6. An x-ray examination apparatus as claimed in 
any one of Claims 2 to 4, wherein the image 
detection device incorporates a row-driver cir- 
cuit, characterized in that the control circuit is 
arranged to apply a charge-reset signal to the 
row-driver circuit to clear the light-sensitive 
element after reading out said region of inter- 
est of said electronic image. 

7. An x-ray examination apparatus according to 
any one of Claims 2 to 6, characterized in that 
the read-out circuit is arranged to receive 
charges which are part of said electronic im- 
age, and in that said discard signal is applied 
to the read-out circuit to adjust the read-out 
circuit so as to add up charges of portions 30 
outside said region of interest. 

8. An x-ray examination apparatus according to 
any one of Claims 2 to 6, characterized in that 
the read-out circuit is arranged to receive 35 
charges which are part of said electronic im- 
age, and in that the read-out circuit comprises 
a drain-circuit connected to a switching device 
and in that said discard signal is applied to 
close the switching device so as to carry off 40 
charges of portions outside said region of in- 
terest to the drain-circuit. 

9. An x-ray examination apparatus according to 
Claim 8, characterized in that the switching 45 
device comprises a transistor having a gate 
arranged to receive said discard signal. 

10. An x-ray examination apparatus according to 
Claim 7, characterized in that the read-out cir- 50 
cuit is arranged to receive charges of succes- 
sive lines of the electronic image, in that the 
control circuit is arranged to supply a shift 
signal to the read-out circuit to shift charges to 
its output terminal, and in that the control cir- 55 
cuit is also arranged to supply a discard signal 
to add charges of a current line to the read-out 
circuit, subsequent to the shift of charges of an 



inner section of a preceding line, so as to keep 
charges of said inner section of a preceding 
line apart from charges of an inner section of 
said current line. 

An image detection system incorporating a 
light-sensitive device for converting a visible 
light-image into an electronic image, a read-out 
circuit for reading out said electronic image by 
transforming said electronic image into an 
electronic video-signal, and a control-circuit for 
adjusting a read-out rate of the read-out circuit, 
characterized in that the control circuit is ar- 
ranged to select a region of interest of the 
electronic image for forming said electronic 
video signal from said selected region of inter- 
est so as to reduce the time required for 
forming said electronic video signal. 
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